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Background: This study investigated the determinants of obesity in adults younger than 65 years of age
and those older than 65 years, focusing on the relationship between sleep duration and obesity after
controlling other factors.
Methods: The data were obtained from the National Survey on Knowledge, Attitude, and Practice of
Health Promotion 2002 in Taiwan. A total of 23,809 participants completed this survey, including 3731
elderly persons (65 years of age and older) and 20,078 adults (between 18 and 64 years of age). A
multiple logistic regression model was adopted, and obesity was deﬁned as a binary dependent variable
by the criteria of body mass index (BMI) 27 kg/m2.
Results: AU-shaped correlation between obesity and sleep durationwas identiﬁed in this study. Adults<65
years who slept for 7 hours/night (males/females: OR¼ 0.74/0.92) and elderly people who slept for 6 hours/
night (males/females: OR¼ 0.84/0.77) showed a lower risk of obesity than the control group (5 hours/night).
Conclusion: Self-reported habitual sleep duration had a U-shaped relationship with obesity in the two
populations. The conﬂict of interest was that the cut-off point of sleep duration differed by 1 h (< 65-
year-old adults: 7 h; elderly: 6 h). To preclude the possible bias introduced by self-reporting, using
multiple measurements of sleep parameters is recommended in future research.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Obesity has become a global epidemic. Using the deﬁnition of
obesity employed in Taiwan (body mass index, BMI,  27 kg/m2),
the prevalence of adult obesity in Taiwan increased from 10.5% for
males and 13.2% for females observed in the 1993e1996 National
Nutrition and Health Survey to 13.3% and 21.0% in the 1999e2000
survey, respectively1e3. In the US, the prevalence of adult obesity
has more than doubled from 15% in the late 1970s to 31% in 20004.
Concomitant with the increase in weight has been a reduction in
sleep duration. One report describes that only 35% of American
adults had 8 hours of sleep in 1998; however, this percentage fell to
26% by 20055.
A growing body of epidemiological evidence indicates that
decreased sleep duration is associated with increased prevalence
of obesity6,7. Several authors have reported an inverse linear rela-
tionship between sleep duration and BMI or an association betweenRoad, Taipei 10449, Taiwan.
ms2.mmh.org.tw.
iwan Society of Geriatric Emergenshort sleep duration and obesity7e9, whereas others have reported
a U-shaped association, thereby suggesting that short aswell as long
sleep duration increases the risk of high BMI10,11.
The prevalence of obesity in those older than 60 years is similar
to the prevalence in all adults12. Diabetes, hypertension, and heart
disease, which are conditions causally linked to, or exacerbated by
obesity, are highly prevalent among elderly patients. Several
studies have shown an association between reduced sleep duration
and increased weight or likelihood of obesity in children, young
adults, and the elderly10,13,14. The association between sleep dura-
tion and obesity has been studied in elderly populations, although
the results of some studies involving the elderly have suggested
that this association disappears above a certain age9,15. However,
studies describing the differences between adults younger than 65
years and the elderly are rare.
The duration of sleep and difﬁculty performing activities
increases with age, making changes in sleep habits potentially
much more common in those 65 years or older. Using cross-
sectional data derived from the National Survey on Knowledge,
Attitude, and Practice of Health Promotion 2002 (2002 HPKAP)
in Taiwan16, we performed one of the ﬁrst assessments of the
relationship between subjectively measured sleep duration andcy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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younger than 65 years). Furthermore, we included a detailed
evaluation of other associated factors.
2. Methods
2.1. Subjects and characterization
The study population was recruited from the participants of the
2002 HPKAP conducted in Taiwan. The survey was conducted by
the Bureau of Health Promotion together with the National Insti-
tutes of Health in 200116. It aimed to interpret the information
related to a variety of preventive health behaviors of different
population groups. The national survey was a sample survey con-
ducted in Taiwan and the outlying islands. The national population
aged 15 years and older was surveyed. The “three-stage systematic
random sampling” method was adopted. Sampling was ﬁrst con-
ducted in selected villages and towns in each county and city; then,
neighbor samples and four random samples were collected16,17.
The sample size of the population aged 15 years and older was
32,656, of which 26,755 (81.9%) completed the survey; however, we
excluded the information from individuals aged 15e17 years. A total
of 23,809 (12,241 men and 11,568 women) non-institutionalized
individuals aged 18 years and older participated in this survey,
including 3731 elderly persons (65 years and older) and 20,078
adults (between 18 and 64 years of age). The questionnaire included
items related to personal information, health status, and health
behaviors. Owing to the large sample size and the requirement for
a large number of interviewers, consistent pre-survey trainings had
to be conducted before the survey.
3. Measurements
3.1. Ascertainment of BMI and obesity
The height and weight of each participant were recorded during
a home interview through self-reporting by the interviewee. BMI is
the standard measure of obesity invariably adopted in the litera-
ture, and it is calculated as a person’s weight in kilograms divided
by the square of their height in meters (kg/m2). We deﬁned obesity,
a binary dependent variable, according to the Taiwan criteria: a BMI
of 27 kg/m2 or higher. The participants were categorized as “obese”
or “nonobese” on the basis of this criterion18,19. Those with a BMI <
18.5 kg/m2 were classiﬁed as underweight, those with a BMI 
18.5 kg/m2 and < 24 kg/m2 as healthy, and those with a BMI 
24 kg/m2 and < 27 kg/m2 as overweight18,19.
3.2. Assessment of sleep duration
In this study, sleep duration refers to the hours spent sleeping at
night, and participants were classiﬁed into ﬁve groups according
to sleep duration:  5 hours/night, 6 hours/night, 7 hours/night,
8 hours/night, and  9 hours/night8. The problem of inaccurate
self-reporting of sleep duration because of cognitive declinemay be
of relevance in the elderly age group. To avoid this problem, the
interviewer clearly deﬁned “a night’s sleep” and “sleep duration” to
elderly participants. Data were recorded on the basis of their
responses as well as on family members’ observations, which hel-
ped to avoid misunderstanding; this was the most feasible method
available for the collection of the most accurate data.
3.3. Assessment of health condition
Perceived health was assessed by asking the participants to
assess their own health in relation to others of the same age groupand to rate it as “poor”, “not good”, “good”, or “excellent”. We
dichotomized the health perception variable between excellent or
good health versus otherwise20.
The Taiwanese Depression Questionnaire (TDQ) was used for
depression screening in this study, which involved participants
answering 18 questions about their mood over the previous week.
A score of >9 out of a total possible score of 54 was considered
depressed21.
3.4. Health behavior
Five types of behavior affecting health were evaluated during
the home interview by asking the question: “Do you have any of the
habits of alcohol consumption, betel nut chewing, smoking, regular
exercise ( 3 times/week), or regular eating of breakfast?”
3.5. Statistical analysis
All the analyses were performed using SAS 9.1 (SAS Institute
Inc., Cary, NC, USA). Descriptive analysis and multiple logistic
regressions were used to investigate the association of inactivity
with obesity in adults < 65 years and elderly people, and means
(with standard deviation) and percentages (%) were calculated.
The Student t test was used to analyze continuous variables
such as height, weight, age, sitting and sleep duration, and
depression score. The Chi-square test was used for categorical
variables.
The reduced-form demand function for health outcomes can be
written as:
Y¼ aþ b1X1þ b2X2þ b3X3þ b4X4þ e
The binary dependent variable Y in the measured health
outcome was obese or nonobese. Xi are vectors of observable
characteristics, where X1 represents sleep duration; X2 represents
sociodemographic variables, comprising age and sex; X3 represents
health condition, including perception of health and depression;
and X4 represents health behavior and includes alcohol consump-
tion, betel nut chewing, smoking, regular exercise, and regular
eating of breakfast. The factor e represents the unobservable
determinants of obesity. A p value< 0.01 and a p value < 0.05 were
considered to indicate signiﬁcance in this study.
4. Results
The characteristics of the participants in this study are pre-
sented in Table 1 by gender, where it can be seen that the average
height and weight of the men were greater than those of the
women. Elderly women and men < 65 years of age had higher
average BMIs and greater prevalence of obesity than their gender
opposites.With regard to sleep duration, the largest groups in the<
65 years of age adults were the 7 or 8 hours/night groups, whereas
the largest groups in the elderly were the  5 or 6 hours/night
groups.
Regarding the elderly participants’ perception of their health,
69.3% of males and 72.6% of females reported their health to be
“poor” or “not good”, higher percentages than those reporting the
same health statuses in the < 65-year-old adult group. The mean
depression score of womenwas higher than that of men, especially
in elderly women (elderly: female/male, 7.1:5.2; adults < 65 years:
female/male, 5.6:4.4). Larger proportions of the male participants
reported alcohol consumption, betel nut chewing, and smoking
than the females in both populations, but no gender differences
were observed in terms of regular exercise and regular eating of
breakfast.
Table 1
Demographic characteristics among 18-year-old  age < 65-year-old adults andS
65-year-old elderly participants.
Variables Age  65 y/o
n¼ 3731
18 y/o  age < 65y/o
n¼ 20,078
Male
n¼ 1955
(52.4)
Female
n¼ 1776
(47.6)
Male
n¼ 10,286
(51.2)
Female
n¼ 9792
(48.8)
Age (y) 72.4 (6.00) 71.7 (6.00) 37.9 (12.35) 38.2 (12.48)
Height (cm) 164.6 (6.41) 153.2 (5.73)y 169.1 (6.14) 157.7 (5.36)y
Weight (kg) 63.5 (9.84) 56.2 (9.20)y 68.4 (10.90) 56.0 (9.25)y
Body mass index
BMI (kg/m2) 23.4 (3.38) 23.9 (3.62)y 23.9 (3.47) 22.5 (3.67)y
Underweight
(BMI < 18.5)
108 (5.5) 92 (5.2) 331 (3.2) 964 (9.8)
Normal
(18.5  BMI < 24)
1030 (52.7) 860 (48.4) 5058 (49.2) 5661 (57.8)
Overweight
(24  BMI < 27)
563 (28.8) 489 (27.5) 2878 (28.0) 1797 (18.4)
Obesity (BMI  27) 254 (13.0) 335 (18.9) 2019 (19.6) 1370 (14.0)
Sleep duration
(h/night)
6.7 (1.62) 6.3 (1.61)y 6.9 (1.21) 6.9 (1.27)
 5 417 (21.4) 512 (29.0) 1039 (10.1) 1038 (10.6)
6 503 (25.7) 471 (26.4) 2541 (24.7) 2242 (22.9)
7 405 (20.7) 378 (21.2) 3312 (32.2) 2987 (30.5)
8 440 (22.4) 288 (16.2) 2870 (27.9) 2898 (29.6)
 9 190 (9.8) 127 (7.2 ) 524 (5.1) 627 (6.4)
Health condition
Perception of health
Poor or not good 1354 (69.3) 1288 (72.6)y 4032 (39.2) 4426 (45.2)
Good or
excellent
601 (30.7) 488 (27.4) 6254 (60.8) 5366 (54.8)
Depression score 5.2 (6.48) 7.1 (7.90)y 4.4 (5.92) 5.6 (6.74)y
 9 1611 (82.4) 1288 (73.7) 8908 (86.6) 7922 (80.9)
> 9 601 (17.6) 488 (26.3)y 1378 (13.4) 1870 (19.1)
Habits
Alcohol consumption
No 1290 (66.0) 1595 (89.8)y 4217 (41.0) 7373 (75.3)y
Yes 665 (34.0)y 181 (10.2) 6069 (59.0)y 2419 (24.7)
Betel nut chewing
No 1847 (94.5) 1744 (98.2) 8033 (78.1) 9616 (98.2)y
Yes 109 (5.5) 33 (1.8) 2253 (21.9)y 176 (1.8)
Smoking
No 1264 (64.7) 1713 (96.5)y 4732 (46.0) 9224 (94.2)y
Yes 691 (35.3)y 63 (3.5) 5554 (54.0)y 568 (5.8)
Exercise
No 625 (32.0) 714 (40.3) 4680 (45.5) 4553 (46.5)
Yes 1330 (68.0) 1062 (59.7) 5606 (54.5) 5239 (53.5)
Eating breakfast regularly
No 105 (5.4) 93 (5.3) 2489 (24.2) 2164 (22.1)
Yes 1850 (94.6) 1683 (94.7) 7797 (75.8) 7628 (77.9)
Data are presented as mean (SD) or n (%).
Note: The Student t test and Chi-square test were used (compare with male and
female groups).
* p< 0.05, y p< 0.01.
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variables in the multiple regression analyses, with obesity as the
binary categorical outcome measure (Table 2). A U-shaped rela-
tionship was observed between sleep duration and obesity (Fig. 1).
Considering sleep duration of  5 hours/night as the control, the <
65-year-old adult group with sleep duration of 7 hours/night was
found to have the lowest risk of obesity, whereas in the elderly,
those with sleep duration of 6 hours/night had the lowest risk. In
adult women < 65 years of age with sleep duration longer than 8
hours/night, the risk of obesity increased again; in the elderly with
sleep duration longer than 8 hours/night, the risk of obesity was not
signiﬁcantly different from that of the control group (Fig. 1, Table 2).
In terms of health perception, the adult women < 65 years of
age who considered themselves to be in good or excellent health
had the lowest risk of obesity compared with thosewho consideredthemselves to be in poor or not good health. When the group of
participants with a total TDQ score of  9 was considered as the
control group, the < 65-year-old adults with a total score of > 9
were observed to have a lower risk of obesity. However, health
perception and depression had no impact on the risk of obesity in
the elderly.
In terms of behaviors that affect health, alcohol consumption
was found to have no effect on the risk of obesity in either age
group, whereas betel nut chewingwas observed to increase the risk
of obesity in both men and women younger than 65 years, with
a more signiﬁcant impact in women than in men. In male smokers
of both age groups, the risk of obesity was found to be lower than
that in nonsmokers. In addition, exercise and eating a regular
breakfast reduced the risk of obesity in all groups.5. Discussion
This study analyzed data from a large-scale national survey to
study the factors related to obesity in the elderly and < 65 years of
age adult populations. Several studies have shown that short sleep
duration increases the risk of obesity and further contributes to an
increased risk of cardiovascular diseases22,23. In this cross-sectional
study of 20,078 adults younger than 65 years and 3731 elderly
participants, we found that a U-shaped association of sleep dura-
tionwith obesity was observed, thereby indicating that adults < 65
years who slept 7 hours/night and elderly participants who slept 6
hours/night had the lowest risk of obesity.
An association between short sleep duration and obesity has
been proven repeatedly, although this observation is not consis-
tently documented in the elderly24. The National Health and
Nutrition Examination Survey I showed that persons who slept less
than 7 hours had higher BMI and higher risk of obesity than those
sleeping for 7 hours; however, the authors identiﬁed this associa-
tion only in participants younger than 59 years9. Different ﬁndings
have been published on the basis of cross-sectional studies of the
association of sleep duration with BMI or obesity. For example,
a study of men aged 40e70 years that included BMI as a confounder
found no signiﬁcant differences in BMI among the men in various
sleep duration groups25. In contrast to this negative result, another
study showed an association between short sleep and BMI in an
elderly population26.
The association between long sleep duration and obesity has
received less attention in the literature, although some authors
have reported a U-shaped curve, indicating that short as well as
long sleep duration is associated with a high BMI11,12,26,27. Owing to
the cross-sectional design of the present study, we do not know
whether long or short sleep duration causes obesity or vice versa;
the direction of causality may be the reverse, with obesity or
related health problems leading to changes in sleep duration. The
relationships may also be bidirectional, or both phenomena may
share a common cause.
Possible gender differences in the relationship between sleep
duration and obesity have been a matter of debate in the literature.
Some authors have reported a U-shaped association in women but
not in men28, whereas others have found a negative linear rela-
tionship in male adolescents but no association in female adoles-
cents29. In one study, the relationship between sleep duration and
BMI or obesity did not differ between elderly men and elderly
women26; this ﬁnding is in agreement with the results of our study.
Several recent studies have suggested that people who have
a perception of good health are more aware of the risks of obesity
and therefore have better control of their body weight30. Individ-
uals with depression might experience reduced appetite and
therefore be at a lower risk of obesity24. However, as age increases,
AB
Fig. 1. Association between odds of being obese and sleep duration among (A) 18-year-old age< 65-year-old adults and (B)S 65-year-old elderly group. Analyses are adjusted for age,
education level, marital status, health status, and health behavior. A U-shaped relationship was observed, the< 65-year-old adult group with sleep duration of 7 hours/night was found
to have the lowest risk of obesity, whereas in the elderly group, those with sleep duration of 6 hours/night had the lowest risk. OR¼ odds ratio, * p< 0.05, y p< 0.01.
Table 2
Factors associated with the odds of being obese among 18-year-old  age < 65-year-old adults and  65-year-old elderly participants.
Variables Age  65 y/o
(n¼ 3731)
18 y/o  age < 65 y/o
(n¼ 20,078)
Male, n¼ 1955 (52.4) Female, n¼ 1776 (47.6) Male, n¼ 10,286 (51.2) Female, n¼ 9792 (48.8)
Odds ratio (95% CI) p Odds ratio (95% CI) p Odds ratio (95% CI) p Odds ratio (95% CI) p
Sleep duration (h/night) (ref.:  5)
6 0.84 (0.70e0.95) 0.05* 0.77 (0.55e0.99) 0.04* 0.92 (0.77e1.11) 0.36 1.12 (0.90e1.40) 0.34
7 1.08 (0.71e1.63) 0.72 1.03 (0.73e1.46) 0.86 0.74 (0.62e0.89) 0.002y 0.92 (0.73e0.95) 0.04*
8 1.05 (0.70e1.58) 0.80 0.97 (0.69e1.25) 0.42 0.78 (0.65e0.93) 0.009y 1.09 (1.02e1.36) 0.03*
 9 0.92 (0.65e1.27) 0.43 0.87 (0.26e1.46) 0.77 0.85 (0.64e1.13) 0.25 1.11 (0.67e1.27) 0.32
Health condition
Health perception (ref.: Poor or not good)
Good or excellent 0.91 (0.66e1.27) 0.57 1.16 (0.86e1.56) 0.34 0.91 (0.81e1.02) 0.09 0.83 (0.72e0.95) 0.006y
Depression score (ref.:  9)
> 9 0.99 (0.97e1.01) 0.32 0.99 (0.97e1.00) 0.14 0.98 (0.97e0.99) <0.01y 0.98 (0.98e0.99) 0.03*
Habits
Alcohol consumption (ref.: No)
Yes 1.22 (0.90e1.63) 0.20 0.99 (0.64e1.52) 0.95 1.05 (0.94e1.18) 0.40 1.07 (0.92e1.26) 0.38
Bet nut chewing (ref.: No)
Yes 1.69 (0.98e2.92) 0.06 1.42 (0.58e3.50) 0.44 1.68 (1.48e1.91) <0.0001y 2.61 (1.84e3.71) <0.01y
Smoking (ref.: No)
Yes 0.72 (0.53e0.99) 0.04* 1.73 (0.93e3.22) 0.08 0.66 (0.49e0.90) <0.0001y 1.05 (0.79e1.40) 0.72
Exercise (ref.: No)
Yes 0.98 (0.97e0.99) 0.03* 0.86 (0.67e1.11) 0.23 0.97 (0.95e0.99) 0.03* 0.80 (0.70e0.92) 0.001y
Eating breakfast regularly (ref.: No)
Yes 0.91 (0.50e1.67) 0.77 0.47 (0.29e0.76) 0.002y 0.92 (0.81e1.04) 0.19 0.98 (0.83e1.16) 0.84
Note: Odds ratios from multiple logistic regression models adjusted for all variables presented in the table.
* p< 0.05, y p< 0.01.
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icant effect on the risk of obesity in the elderly.
In terms of health-affecting behaviors, the results of our study
suggest that regular exercise and regularly eating breakfast can
reduce the risk of obesity, which is in agreement with the conclu-
sions of other studies31,32. The ﬁndings of this study also reveal that
smoking reduces the risk of obesity in adults< 65 years and elderly
men, a ﬁnding similar to those of other studies performed in
different countries that show smoking to have a negative effect on
body weight33. Although smoking does cause weight loss, studies
have also found increased abdominal fat in smokers, and decreased
abdominal fat has been observed in ex-smokers, even though their
body weight usually increases after giving up smoking. Therefore,
people with obesity should be warned not to attempt to control
their weight by smoking34,35. According to a survey conducted in
2001 by the National Institutes of Health in Taiwan, people who
chew betel nut have a 47% higher risk of obesity than controls, and
the risk remains 38% higher than controls even after giving up the
behavior36. In this study, we found that among adults < 65 years,
betel nut chewing has a greater impact on females than onmales in
terms of obesity risk (females: OR¼ 2.61, 95% CI: 1.84e3.71; males:
OR¼ 1.68, 95% CI: 1.48e1.91).
In view of our results, the earlier ﬁndings indicating that
the association between sleep duration and obesity differs in the
elderly need to be re-evaluated. We found that elderly persons with
both short and long self-reported sleep durations had a high like-
lihood of obesity; however, the cross-sectional study design pre-
vented us from gaining insight into the possible temporal or causal
relations. Other limitations of this research include: (i) height and
weight were not directly measured, and error may be increased by
using measurements provided by the participants themselves; (ii)
the information garnered using the questionnaire cannot accu-
rately reﬂect the quality of sleep; (iii) it was not ascertained
whether medicine or other aids were used to assist sleep; and (iv)
loss of sleep due to snoring or frequent urination was not assessed.
Furthermore, the use of medication for chronic diseases may affect
sleep, but this could not be further investigated in this study
because of the lack of detailed information. For these reasons, we
cannot rule out the possibility that obesity leads to shorter or
longer sleep durations. Longitudinal research is required to gain
more insight into possible causal pathways.
In Taiwan, few studies have focused on the relationship between
obesity and sleep duration. Therefore, our study analyzed data from
the 2002 HPKAP database and established a positive relationship
between sleep duration and obesity in adults, which was similar to
the ﬁndings of studies performed in other countries37. Sleep
duration and obesity were found to have a U-shaped association,
and the lowest risk of obesity was observed in the < 65-year-old
participants sleeping for 7 hours/night and in the elderly partici-
pants sleeping for 6 hours/night. This differs somewhat from less
speciﬁc observations made in studies performed in other countries
that the lowest risk of obesity occurred in those who slept for
7 hours/night26,37.
To reduce the increasing level of obesity in the general pop-
ulation in Taiwan, the best strategy is to provide different obesity
prevention and education services to target different age groups.
This strategy should focus on speciﬁc age-related factors that can
reduce the risk of obesity, including dietary intake control, reducing
betel nut chewing, exercising regularly, and regularly eating break-
fast. Although previous studies have shown that smoking is nega-
tively correlated with obesity, smoking is nevertheless related to an
increase in morbidity and mortality because of other diseases, and
this should be clearly communicated to people who may consider
smoking as a method of weight control. In conclusion, adequate
uninterrupted sleep is important for people of all ages. Long-termfollow-up studies should be performed in the future to overcome
this problem and to more rigorously obtain empirical results.References
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